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(57) ABSTRACT 
A touch screen device and method for co-eXtensively and 
contrastingly presenting teXt characters (34) and rendering 
ink (36) in a common area of a user interface. The text 

characters (34) and the rendering ink (36) are presented in 
relative contrast such that coextensive teXt characters (34) 
and rendering ink (36) are independently legible. 

“I 
’ (X,Y) ANALOG 

SIGNALS 
A/D DISPLAY 

29V CONVERTER CONTROLLER “30f”; 
| n V“ I 

,8 , TOUCH DISPLAY | 28 
\r/DEVICE DRIVER DRIVER ‘I/ 

| l I l 

I 
INK PRIMARY 

20% RENDERER = DISPLAY MEMORY 26 

' POINT 
22*“ COLLECTION BUFFER 

24 ' RECOGNIZER I \r/ | Q 
L _ _ _ _ _ _ _ _ __ 

I___1 

I 
I 
I 
l 
I 
I 

r l 

l SECONDARY I‘ 42 
LDISPLAY IIEIIoRYIjI/ 

I 
I 
I 

RESULTANT 
CHARACTER(S) 





US 2002/0158923 A1 

TOUCH SCREEN DEVICE AND METHOD FOR 
CO-EXTENSIVELY PRESENTING TEXT 

CHARACTERS AND RENDERING INK IN A 
COMMON AREA OF A USER INTERFACE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a touch screen 
device and method for co-extensively presenting text char 
acters and rendering ink in a common area of a user 
interface. 

BACKGROUND OF THE INVENTION 

[0002] Many small electronic devices, such as personal 
digital assistants, smart phones, palm personal computers, 
etc., are noW equipped With a touch-sensitive display screen 
as the primary mechanism for interacting With applications 
on the device and inputting information into the device. One 
form of input method Which Works Well on a small device 
With a small screen is some form of handWriting input. In 
particular, many small devices currently use a graphical user 
interface (GUI) in Which some region of the screen area 
(often one or more boxes) is dedicated as a Writing area for 
handWriting input. Such use of the standard GUI can make 
very inef?cient use of screen real estate, especially When it 
is necessary to display information (e.g., a message) to 
Which the user Wishes to respond and to display the user’s 
response While still displaying the dedicated Writing area. 

[0003] Thus, a need exists for a method and apparatus that 
alloWs a maximum amount of information to be displayed 
on the GUI While still alloWing handWritten input on the 
touch screen device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Apreferred embodiment of the present invention is 
noW described, by Way of example only, With reference to 
the accompanying draWings in Which: 

[0005] FIG. 1 illustrates a block diagram of a touch screen 
device according to the preferred embodiment of the present 
invention; and 

[0006] FIG. 2 illustrates a spatial relationship betWeen ink 
points according to the preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0007] The preferred embodiment of the present invention 
describes a touch screen device (hereinafter referred to as the 
“device”) Which alloWs an entire graphical user interface 
(hereinafter referred to as “GUI”) to be used to display 
textual characters, While at the same time alloWing the entire 
GUI to serve as an input area for handWritten characters 

(hereinafter referred to as “rendering ink”). Thus, the device 
is used to display text characters, rendering ink and other 
GUI elements, such as buttons, icons, etc., co-extensively on 
the GUI, thus alloWing a maximum amount of information 
to be displayed on the GUI. 

[0008] As illustrated in FIG. 1, the structure of the device 
10 consists of a touch sensitive surface 12 and a display unit 
14 (e.g., a liquid crystal display). The touch sensitive surface 
12 is overlaid on top of the display unit 14 to create the 
device 10. Preferably, the touch sensitive surface 12 is a 
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resistive grid, but could be an inductive grid, capacitance 
grid or any other touch sensitive surface knoWn in the art. 

[0009] The internal circuitry components of the device 10 
comprise a touch device driver 18, an ink renderer 20, a 
point collection buffer 22, a recogniZer 24 (handWriting 
and/or character), a primary display memory 26 and a 
display driver 28. These components of the device 10 are 
preferably embedded in or on a computing unit 16 (e.g., a 
personal computer, a hand-held device, a microprocessor, 
etc.). 
[0010] Optionally, the device 10 may further comprise an 
analog-to-digital converter (hereinafter referred to as an 
“A/D converter”) 29 and/or a display controller 30, typically 
as pieces of hardWare. It should be noted that the A/D 
converter 29 can be replaced by any device or method that 
reports either Cartesian coordinates (hereinafter referred to 
as “points”) or roW and column indices, including but not 
limited to, light emitting diodes (LED) With LED receivers, 
light pens (Which use scan line converter circuitry) and 
lasers. 

[0011] A pointer 32 is used to Write the rendering ink 36 
on the touch sensitive surface 12. The pointer 32 is either a 
stylus, a ?nger, a pen or any other object that can be used to 
Write the rendering ink 36 on the touch sensitive surface 12. 
Such pressure on the touch sensitive surface 12 is translated 
into points by the A/D converter 29. 

[0012] As the rendering ink 36 is Written on the touch 
sensitive surface 12, the touch device driver 18 reads from 
the A/D converter 29 each point that comprise the rendering 
ink 36. When a point is ?rst received by the touch device 
driver 18 upon a pointer-doWn event (i.e., When the pointer 
?rst touches the touch sensitive surface 12), the touch device 
driver 18 must ?rst determine if this pointer-doWn event 
represents an inking event or some other user interface 
event. Other user interface events are normally referred to as 
hot spot actions and correspond to a button or a key press 
event, a selection event, etc. 

[0013] Hot spots 38, 40 are pre-de?ned screen regions 
(i.e., areas on the device 10 Where a button, an icon or a key 
is displayed). A pointer-doWn event Within the region 
assigned to the hot spot is interpreted as activating that hot 
spot. In the preferred embodiment of the present invention, 
it is assumed that all other touch screen dependent user 
interface events are restricted to hot spot activation events. 
For example, there are tWo hot spot areas 38, 40 Which 
appear as buttons near the bottom of the device 10. Using the 
pointer 32 to touch the device 10 Within the “Send” button 
area 38 causes the message currently being composed to be 
sent. In the same regard, touching the device 10 Within the 
“Cancel” button area 40 causes the message currently being 
composed to be canceled. 

[0014] Pointer-doWn events Which fall outside of any hot 
spot region are interpreted as inking events. There is one 
important exception to the preceding rule: if a pointer-doWn 
event is interpreted as part of a continuous stroke event (as 
de?ned beloW), then that pointer-doWn event is treated as an 
inking event even if it falls Within a hot spot region. 

[0015] The touch device driver 18 passes each point to the 
ink renderer, and the ink renderer 20 formats the points to be 
displayed on the device 10. The ink renderer 20 renders neW 
points as they are received. If the time interval betWeen the 
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neW point and the previous point is on or below a ?rst 
threshold (i.e., suf?ciently small), and the absolute displace 
ment in X and y pixels betWeen these tWo points is on or 
beloW a second threshold (i.e., sufficiently small), the neW 
point is assumed to represent a continuous extension of the 
previous point and is rendered as a continuous line joined to 
the previous point. This is referred to as a continuous stroke 
event. 

[0016] If the time interval betWeen inking events is above 
the ?rst threshold, or the displacement in X or y pixels is 
above the second threshold, then the neW point is rendered 
as an isolated point and is not joined to the previous point. 
For example, as shoWn in FIG. 2, points 1 and 2 are close 
enough in space and time to be rendered as part of a 
continuous stroke, While points 2 and 3 are too far apart in 
either space or time to be joined into a single stroke. As a 
result, point 3 is treated as the start of a second stroke. 

[0017] The point collection buffer 22 collects points from 
the ink renderer 20 and buffers the points internally, by 
recording its corresponding value, until a character(s) is 
completely Written. 

[0018] The recogniZer 24 retrieves the points from the 
point collection buffer 22 and compares single strokes and 
groups of strokes to a memory of pre-stored character 
templates. There are a large variety of recogniZers 24 in the 
art (e.g., as described in US. Pat. No. 5,742,705 and 
incorporated herein by reference) and the present invention 
is adaptable to Work With any type of recogniZer 24, Whether 
the recogniZer 24 operates on single characters printed in 
isolation or on groups of characters Written in a cursive or 
semi-cursive style. The recogniZer 24 performs handWriting 
and/or character recognition on the collection of points and 
passes character codes for the resultant character(s) to the 
ink renderer 20. 

[0019] After the ink renderer 20 receives the character 
codes for the resultant character(s) from the recogniZer, the 
ink renderer 20 draWs each point on the device 10 by storing 
a value of one (1) in its corresponding memory location— 
the location that corresponds to a given point—in the 
primary display memory 26. Text characters 34 and render 
ing ink 36 shoWn on the device 10 require that certain pixels 
are turned on or off, thus the ink renderer 20 sets corre 
sponding memory locations in the primary display memory 
26 to speci?c values. 

[0020] The primary display memory 26 stores values that 
determine What is shoWn on the GUI. Many simple display 
units 14 of the described art require only one bit of memory 
to represent each pixel on the display unit 14, also knoWn as 
one-bit-per-pixel, Which means that there are tWo possible 
states (e.g., colors) for a pixel: on or off. The primary display 
memory 26 passes these values to the display driver 28. 

[0021] The display driver 28 maps the values received 
from the primary display memory 26 to the roWs and 
columns of pixels in the display unit 14. Normally, recog 
niZed text characters 34 are queued for draWing at a rate that 
is signi?cantly different from the rate for rendering ink 36. 

[0022] The display controller 30 receives the map of 
values from the display driver 28 and updates (or refreshes) 
the display unit 14 accordingly. It is important to note that 
the display controller 30 can be replaced by any device that 
is capable of refreshing or triggering the refreshing of the 
display unit 14. 
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[0023] In the preferred embodiment of the present inven 
tion, Which utiliZes the simplest form of the display unit 14, 
each pixel only has tWo states: black and White. In this case, 
the text characters 34 and the rendering ink 36 are distin 
guished by using a different density of black pixels. The text 
characters 34 are displayed using the highest density 
alloWed on the device 10, While the rendering ink 36 is 
shoWn by using a loWer density (typically 50%) of black 
pixels. For example, every pixel in each horiZontal roW is on 
for the text characters 34. Every other pixel, hoWever, is 
turned on for the rendering ink 36. It should be noted that a 
pixel is turned on if it is on either in a text character 34 or 
in the rendering ink 36. Asimple ORing operation is used to 
combine the text characters 34 and the rendering ink 36 in 
this case. 

[0024] One difficulty that is resolved by the present inven 
tion is that the text characters 34 and the rendering ink 36 
must co-extensively be displayed on the GUI Without one 
obscuring the other. This is accomplished in several Ways, 
depending on the nature of the display unit 14. 

[0025] Many display units 14 in use today are not 
restricted to only tWo states for each pixel, but support either 
several shades of gray or many different colors at each pixel. 
With display units 14 having multiple states for each pixel, 
text characters 34 and rendering ink 36 are both rendered at 
the full pixel density of the device 10, but using different 
shades or colors. For example, a dark color (e.g., black) can 
be used to display the text characters 34 and a light color 
(e.g., gray) can be used to display the rendering ink 36, or 
vice versa. 

[0026] Alternatively, a combination of shades of gray and 
different density of pixels can be used to display either the 
text characters 34 or the rendering ink 36. For example, a 
relatively bold image or a ?rst pixel density can be used to 
display the text characters 34 on the GUI and a relatively 
less-bold image or a second less dense pixel density can be 
used to display the rendering ink 36 on the GUI. 

[0027] Another alternative is to display the rendering ink 
36 in the same color and line-?ll pattern as the text charac 
ters 34, but With the lines of the rendering ink 36 appearing 
distinctly thicker than those of the text characters 34 or vice 
versa. For example, as shoWn in FIG. 1, if the siZe of a 
pointer-nib (i.e., the pixel dimensions for draWing a single 
point on the display unit 14) Were three-by-three for ren 
dering ink 36 and one-by-one for text characters 34, the 
rendering ink 36 Would appear more vivid than the text 
characters 34, and thereby Would create the illusion that the 
rendering ink 36 appears above on top of) the text characters 
34. Such an arrangement alloWs the text characters 34 to be 
visible co-extensively With the rendering ink 36. If a pixel is 
part of both a text character 34 and the rendering ink 36, the 
pixel appears in the shade, color or pixel density of the text 
character 34. 

[0028] Moreover, if the device 10 is used With a monitor 
or the device 10 has a back light, the brightness can be 
adjusted to distinguish betWeen the text characters 34 and 
the rendering ink 36. Flashing ink can also be used to 
distinguish betWeen the text characters 34 and the rendering 
ink 36. Thus, presenting the text characters 34 and the 
rendering ink 36 in any of the above described forms alloW 
the device 10 to co-extensively present the text characters 34 
and the rendering ink 36 in a common area of the GUI. 
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[0029] A ?rst alternative method for co-eXtensively pre 
senting the teXt characters 34 and the rendering ink 36 in a 
common area of the GUI along With other GUI objects is 
referred to as double buffering. The structure and internal 
circuitry components, as described above, are essentially the 
same for the ?rst alternative method, With the addition of a 
secondary display memory 42. It is important to note that the 
primary display memory 26 represents the memory mapped 
to all piXels of the display unit 14. The secondary display 
memory 42 is at least large enough to represent the piXels in 
the active inking area, and can be identical in siZe to the 
primary display memory 26. 

[0030] Before rendering ink is draWn to represent a neW 
character on the device 10, the values stored in the primary 
display memory 26 are copied into the secondary display 
memory 42. Rendering ink is then draWn freely anyWhere in 
the active draWing area; ink can be draWn over teXt char 
acters 34 and other GUI objects Within the active draWing 
area. 

[0031] In order to erase the rendering ink 36 that is 
handWritten on the touch sensitive surface 12 according to 
the ?rst alternative method, the ink renderer 20 iterates 
through all the points stored in the point collection buffer 22 
to determine the bounding rectangular coordinates (Xmin, 
Ymin; Xmax, Ymax) of the rendering ink 36. The ink renderer 
20 uses these coordinates to determine beginning and ending 
addresses Within the secondary display memory 42 (demar 
cating a range of memory that Will be copied) and beginning 
and ending addresses Within the primary display memory 26 
(demarcating a range of memory that Will be replaced). The 
ink renderer 20 copies the range of memory from the 
secondary display memory 42 into the primary display 
memory 26. Copying the de?ned range of memory from the 
secondary display memory 42 into the primary display 
memory 26 restores the primary display memory 26 to its 
original values, thereby erasing the rendering ink 36 and 
restoring the look of the GUI. The teXt characters 34 in the 
GUI are then updated to display any resultant character or 
characters recogniZed by the recogniZer 24. 

[0032] When system performance is an issue (e.g., utiliZ 
ing a loW poWer central processing unit), a second alterna 
tive method is used for co-eXtensively presenting the teXt 
characters 34 and the rendering ink 36 in a common area of 
the GUI along With other GUI objects. The structure and 
internal circuitry components, as described above, are essen 
tially the same for the second alternative method. The 
second alternative method is accomplished by performing an 
exclusive-OR (X-OR) operation on all values in the primary 
display memory 26 that correspond to piXels in the rendering 
ink 36 for a character that is Written. 

[0033] Each piXel of the display unit 14 has a point 
location and a color value (e.g., 0 for White or 1 for black) 
associated thereWith. The ink renderer 20 stores each point 
that it receives from the touch device driver 18 in the point 
collection buffer 22. The ink renderer 20 also draWs each 
point on the device 10 by using the X and y coordinates of 
each point to calculate the address of a memory location in 
the primary display memory 26 to create a target memory 
location. The ink renderer 20 then performs an exclusive-OR 
operation betWeen the current color value in the target 
memory location and 1 (a constant). It should be noted that 
the exclusive-OR gate itself is not-shoWn in FIG. 1 for 
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simplicity. The result of the exclusive-OR operation is then 
stored in the same target memory location in the primary 
display memory 26. An exclusive-OR operation of this type 
can have one of the folloWing outcomes: if 1 is currently 
stored in the target memory location, then 1 X-OR 1 equals 
0, and 0 becomes the neW value stored in that target memory 
location; otherWise, if 0 is currently stored in the target 
memory location, then 1 X-OR 0 equals 1, and 1 becomes 
the neW value stored in the target memory location. 

[0034] In order to erase the rendering ink in the second 
alternative method, the ink renderer 20 re-draWs the same 
points in the point collection buffer 22 by using the same 
X-OR draWing operation for each point. Repeating the 
X-OR operation for each point effectively restores the 
effected memory locations to their original values, thereby 
erasing the rendering ink 36 and restoring the look of the 
GUI. The teXt characters 34 in the GUI are then updated to 
display any character or characters recogniZed by the rec 
ogniZer 24. 

[0035] While the invention has been described in conjunc 
tion With a speci?c embodiment thereof, additional advan 
tages and modi?cations Will readily occur to those skilled in 
the art. The invention, in its broader aspects, is therefore not 
limited to the speci?c details, representative apparatus and 
illustrative examples shoWn and described. Various alter 
ations, modi?cations and variations Will be apparent to those 
skilled in the art in light of the foregoing description. Thus, 
it should be understood that the invention is not limited by 
the foregoing description, but embraces all such alterations, 
modi?cations and variations in accordance With the spirit 
and scope of the appended claims. 

We claim: 
1. A method for co-eXtensively presenting teXt characters 

and rendering ink in a common area of a user interface of a 
touch screen device, Wherein the rendering ink is electronic 
ink input to a recogniZer, comprising presenting the teXt 
characters and the rendering ink in relative contrast such that 
co-eXtensive teXt characters and rendering ink are indepen 
dently legible. 

2. The method according to claim 1 Wherein the step of 
presenting further comprises presenting the rendering ink as 
a relatively bold image on the user interface and presenting 
the teXt characters as a relatively less-bold image on the user 
interface. 

3. The method according to claim 1 further comprising 
according to a location of an initial pointer-doWn event on 
the touch screen device, automatically separating subse 
quent pointer-doWn events into inking events and hot spot 
activation events. 

4. The method according to claim 3 Wherein pointer-doWn 
events are invoked With a stylus. 

5. The method according to claim 3 Wherein pointer-doWn 
events are invoked With a ?nger. 

6. The method according to claim 3 further comprising: 

representing a neW ink point as a continuous extension of 
a previous ink point When a time interval betWeen the 
neW ink point and the previous ink point is on or beloW 
a ?rst threshold and an absolute displacement in X and 
y piXels betWeen the neW ink point and the previous ink 
point is on or beloW a second threshold; and 
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representing the neW ink point as a continuous extension 
of the previous ink point and is rendered as a continu 
ous line joined to the previous ink point. 

7. The method according to claim 6 further comprising 
representing a pointer-doWn event Within a hot spot area as 
a hot spot activation user interface event unless the pointer 
doWn event is part of a continuous extension of a previous 
ink point. 

8. The method according to claim 3 further comprising: 

representing a neW ink point as a continuous extension of 
a previous ink point When a time interval betWeen the 
neW ink point and the previous ink point is on or beloW 
a ?rst threshold and an absolute displacement in x and 
y pixels of a display unit betWeen the neW ink point and 
the previous ink point is on or beloW a second thresh 
old; and 

representing the neW ink point as an isolated ink point and 
not joined to the previous ink point When the absolute 
displacement in x and y pixels betWeen the neW ink 
point and the previous ink point is above a second 
threshold. 

9. The method according to claim 8 further comprising 
representing a pointer-doWn event Within a hot spot area as 
a hot spot activation user interface event unless the pointer 
doWn event is part of a continuous extension of a previous 
ink point. 

10. The method according to claim 1 Wherein the step of 
presenting further comprises presenting the text characters 
as a relatively bold image on the user interface and present 
ing the rendering ink as a relatively less-bold image on the 
user interface. 

11. A touch screen device having a user interface com 
prising: 

a display unit; 

a touch sensitive surface, overlaid on top of the display 
unit, for receiving pointer input, Wherein neWly entered 
ink corresponding to the pointer input and text charac 
ters corresponding to previously recogniZed ink are 
co-extensively and contrastingly displayed on the user 
interface such that co-extensive text characters and 
neWly entered ink are independently legible; and 

a computing unit, coupled to the display unit and to the 
touch sensitive surface, having a touch device driver, an 
ink renderer, a point collection buffer, a recogniZer, a 
primary display memory and a display driver. 

12. The touch screen device according to claim 11 
Wherein the computing unit further comprises a secondary 
display memory. 
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13. The touch screen device according to claim 11 further 
comprising: 

an analog-to-digital converter, Wherein the analog-to 
digital converter couples the computing unit to the 
touch sensitive surface; and 

a display controller, Wherein the display controller 
couples the display unit to the computing unit. 

14. The touch screen device according to claim 11 
Wherein the pointer input is invoked by a stylus. 

15. The touch screen device according to claim 11 
Wherein the pointer input is invoked by a ?nger. 

16. The touch screen device according to claim 11 
Wherein the touch sensitive surface is a resistive grid. 

17. The touch screen device according to claim 11 
Wherein the user interface is arranged to present text char 
acters in a solid typeface and neWly entered ink in a faint 
outline through Which the solid typeface is visible. 

18. The touch screen device according to claim 11 
Wherein the user interface is arranged to present neWly 
entered ink in a solid typeface and text characters in a faint 
outline through Which the solid typeface is visible. 

19. The touch screen device according to claim 11 
Wherein the user interface is arranged to present text char 
acters in a ?rst color and neWly entered ink in a second color 
through Which the ?rst color is visible, Wherein the ?rst 
color is different from the second color. 

20. The touch screen device according to claim 11 
Wherein the user interface is arranged to present neWly 
entered ink in a ?rst color and text characters in a second 
color through Which the ?rst color is visible, Wherein the 
?rst color is different from the second color. 

21. The touch screen device according to claim 11 
Wherein the user interface is arranged to present text char 
acters in a ?rst line-?ll pattern and neWly entered ink in a 
second line-?ll pattern through Which the ?rst line-?ll pat 
tern is visible. 

22. The touch screen device according to claim 11 
Wherein the user interface is arranged to present neWly 
entered ink at a ?rst pixel density and text characters at a 
second less dense pixel density through Which the ?rst pixel 
density is visible. 

23. The touch screen device according to claim 11 
Wherein the user interface is arranged to present neWly 
entered ink and-text characters in a common color and 
line-?ll pattern, Wherein lines of neWly entered ink appears 
distinctly thicker than those of text characters. 


